Movements, distribution, and roosting requirements of most species of temperate-zone bats in autumn are poorly understood. We conducted the 1st radiotelemetry study of autumn migrations and prehibernation roost selection of bats in western North America. Big brown bats (Eptesicus fuscus, n ¼ 55) in the Poudre River watershed, Colorado, moved from low-elevation summer ranges to high-elevation locations in autumn, where they roosted in rock crevices during the period leading up to winter hibernation. We characterized rock crevices used as roosts in autumn at these higher elevations at microhabitat and landscape scales. We used logistic regression combined with an information theoretic approach to determine which variables were most important in roost selection. At the microhabitat scale, autumn roosts were higher to the ground above and below the exit point and were in deeper crevices that had more constant temperatures than randomly selected crevices. At the landscape scale, aspect of the hillside was important, with autumn roosts typically facing north-northwest. Autumn roosts fell into 2 categories: those used for a few days (transient roosts) and those used for !7 days and presumed to be hibernacula. Temperature regimes in the presumed hibernacula appear to provide optimal conditions for use of winter torpor, whereas transient roosts may offer passive rewarming and energy savings for bats still active in early autumn. Elevational segregation of sexes also was documented in our region, with a preponderance of females found at lower elevations and males at higher elevations in summer. Sex ratios at higher elevations became even in autumn. Use of short elevational migrations and selection of hibernation sites in rock crevices may be a common overwintering strategy of insectivorous bats of western North America.
Winter distributions and roosting requirements for the majority of bats in western North America are poorly understood (Pierson 1998) . This is true for even the most common species. The big brown bat (Eptesicus fuscus) is widespread and abundant in North America. Attics of houses are used commonly as hibernacula by big brown bats in Indiana and Illinois (Whitaker and Gummer 1992) , and this species also has been well documented to use caves and mines for hibernacula in the eastern United States (Agosta 2002) . However, this species has seldom been reported hibernating in buildings, caves, or mines in Colorado (Armstrong 1972 ; K. Navo, in litt.; J. L. Siemers, www.cnhp.colostate.edu/reports.html). Traditionally, species that hibernate are not thought of as migratory because they are found within the same region year-round, but when the occupied area lacks suitable roost sites a local migration may be necessary (Hitchcock 1949) . Banded big brown bats hibernating in mines and caves in the eastern United States typically have been found within 48 km of summer roosts (Barbour and Davis 1969 ), but they also have been located at summer roosts as far as 228 km away from the hibernation site (Mumford 1958) .
The primary objective of this study was to determine the roosting habits of big brown bats in north-central Colorado in autumn leading up to the winter hibernation period. In particular, we were interested in determining the importance of different site characteristics at both microhabitat and landscape spatial scales. Overwintering sites are critical to the survival of hibernating bats, and defining key characteristics of these roosts may be important to their management and conservation. We used an exploratory modeling approach based on information theory and multimodel inference (Burnham and Anderson 2002) to make this assessment. We also were interested in documenting the extent of any associated autumn migrations and in determining the potential for elevational segregation of sexes during the summer. Such differential use of elevational zones by the sexes has been described for bats in a few other regions of North America and is thought to be related to the different energetic strategies of males and females (Cryan et al. 2000; Easterla 1973; Fenton et al. 1980) .
MATERIALS AND METHODS
Study area, capture, tagging, and surveying.-We investigated characteristics of autumn roosts in the Cache La Poudre River watershed and nearby areas of north-central Colorado (Fig. 1 ). This region includes the Poudre Canyon and its main tributaries of Stove Prairie Creek, Laramie River, and the North and South Forks of the Poudre River, as well as the Buckhorn Creek drainage. The Poudre River, designated a wild and scenic river in 1986, begins in Rocky Mountain National Park along the Continental Divide and flows north and east through Roosevelt National Forest. Elevations range from 1,830 m at the canyon mouth to 3,264 m at Poudre Lake where the river begins. The nearest weather station to the majority of the autumn roosts, located at the Pingree Park Campus of Colorado State University at 2,754 m elevation, recorded a mean annual temperature of 28C (ranging from À428C to 288C) from 1988 to 2004. Mean annual precipitation at Pingree Park is 54 cm, with approximately 60% occurring from October through May, primarily as snow (Colorado State University, http://www.pingree.colostate.edu/, accessed 20 April 2005). Shrubs commonly found in the watershed are mountain mahogany (Cercocarpus montanus), cliffbrush (Jamesia americana), currants (Ribes), sagebrush (Artemisia tridentata), and bitterbrush (Purshia tridentata). Trees include ponderosa pine (Pinus ponderosa), pinyon pine (Pinus edulis), lodgepole pine (Pinus latifolia), cottonwood (Populus), aspen (Populus tremuloides), and Rocky Mountain juniper (Juniperus scopulorum) at lower elevations (1,600-2,600 m). Douglas-fir (Pseudotsuga menziesii), subalpine fir (Abies lasiocarpa), limber pine (Pinus flexilis), blue spruce (Picea pungens), and Englemann's spruce (Picea engelmannii) are found at elevations above 2,600 m.
The Poudre River meets the western Great Plains near Fort Collins, Colorado (elevation 1,525 m). During August and September of 2002-2004, we captured big brown bats at maternity roosts in buildings at Fort Collins as they emerged in the evening by placing harp traps and stacked nets in front of exit points (O'Shea et al. 2004; Wimsatt et al. 2005) . We classified bats as adults or volant juveniles based on epiphyseal fusion in the phalanges (Anthony 1988) , and permanently marked them by implanting individually coded passive integrated transponder (PIT) tags (Avid Inc., Norco, California) subdermally on the middorsal side over the lower lumbar region of each bat (Wimsatt et al. 2005) .
Capture and handling procedures were approved by animal care and use committees of Colorado State University and the United States Geological Survey and follow the guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) . Radiotransmitters (0.5-0.8 g, model BD-2AT or LB-2T, Holohil Systems Ltd., Carp, Ontario, Canada) were attached to bats on the dorsal skin between the scapulae using Skinbond surgical adhesive (Smith and Nephew United, Inc., Largo, Florida). As suggested by Aldridge and Brigham (1988) , a ''5% rule'' of transmitter mass in relation to body mass was followed, which has no major adverse long-term effects on this species (Neubaum et al. 2005 ). We then tracked radiotagged bats to determine autumn roost locations, roosting habitat, and individual roost characteristics. We initially searched for radiosignals using a roof-mounted whip antenna on vehicles. Once a signal was detected from the road, the exact location was determined on foot using handheld 3-element antennas. In 2003, 4 flights in fixed-wing aircraft were taken over Fort Collins and in the mountains in an attempt to locate missing signals that could not be found from roads. We also looked for evidence of bats spending the winter in buildings in Fort Collins by examining PIT tag records of 2 maternity colonies monitored throughout the winter, searching 10 buildings internally, and reviewing public health records of bats submitted for possible rabies testing.
Autumn roost characterization, return migration, and elevational and seasonal segregation.-Bats shifted from use of buildings in summer to use of rock crevices in autumn. We characterized these autumn roosts as either transient roosts or presumed hibernacula. We categorized transient roosts as rock crevices that were typically used for 1-7 days before the bat moved to an alternate crevice. Transient roosts often were shallow and tagged bats could sometimes be seen in the crevices during the day. In contrast, we categorized presumed hibernacula as rock crevices wherein the tagged bat stayed for a week or more before the transmitter battery expired. These crevices were typically deeper and bats were not visible.
We measured characteristics of autumn roosts at microhabitat and landscape scales. Microhabitat variables included measurements taken at autumn roosts, randomly selected rock crevices, and the forest immediately surrounding these sites (Table 1) . Site characteristics were measured within a 0.1-ha circular plot (17.8-m radius) centered on the detected autumn roost or on a randomly selected rock crevice (Vonhof and Barclay 1996) . Randomly selected rock crevices were located for each autumn roost by randomly picking an aspect from the roost and pacing 50 m. The circular plot was surveyed around the 1st available rock crevice that a big brown bat could enter (opening at least 3.2 Â 1.0 cm -Greenhall 1982) at the end of each of these distances.
We measured the following characteristics on both sets of crevices: orientation of crevice openings (vertical or horizontal), roost dimensions (height, width, and depth), height to the ground above and below the entrance, aspect of entrance, slope of hillside, ease of access (distance to nearest obstruction), and surrounding vegetation composition and size structure (e.g., species and number of shrubs and trees and diameter at breast height). Ambient temperatures for all used autumn roosts (both transient roosts and presumed hibernacula) located in 2002 and 2003 were sampled internally and externally at the mouth of the crevices. Temperatures were recorded every 2 h from 15 November to 15 March (2003 March ( -2004 using Thermocron iButtons (618C, model DS1921, Dallas Semiconductor Corp., Dallas, Texas). Internal crevice temperatures were used to characterize conditions as close as possible to the area where bats were assumed to roost, whereas external temperatures characterized site variability just outside these crevices. In addition, we compared internal temperatures for a subset of autumn roosts and randomly selected crevices. These were recorded every 2 h from 15 November to 15 March (2004 15 March ( -2005 for use in logistic regression analysis. Temperature dataloggers were affixed to thin metal banding or plastic tubing and worked into crevices as deeply as possible. However, these dataloggers probably were not placed into the crevice as deeply as the bats could likely access because of installation constraints such as tight bends in the rock crevices.
Landscape-scale habitat characteristics were acquired using a geographic information system (GIS) of the study area. We used a global positioning system to acquire universal transverse mercator coordinates for autumn roosts and developed a GIS layer for these locations. Randomly selected locations were generated within a buffer zone of 2.5-km radius around autumn roosts (radiotagged big brown bats in our study never relocated to a new roost more than 2 km from their initial autumn roost). Landscape variables measured for roosts and randomly selected sites included elevation, distance to nearest were conducted by capturing bats at 13 sites along the Poudre River at elevations above 1,600 m and at several small impoundments on the Roosevelt National Forest within the Poudre River watershed. Captured bats were identified to species, sex, and age. Only adults were considered in this analysis.
Data analysis.-We pooled data from autumns of 2002-2004 to compare autumn roosts used by big brown bats with unused randomly selected crevices. Characteristics of rock crevice roosts were summarized (mean, SE, and confidence intervals [CIs] ) and compared with randomly selected crevices at the microhabitat and landscape scales using SAS (SAS Institute Inc. 2003) .
We modeled roost-site selection at microhabitat and landscape scales using logistic regression (Proc GENMOD) with site type (autumn roost crevice versus randomly selected crevice) as the response variable and the site characteristics as independent variables. To ensure that our logistic regression analysis was a case-control study (Keating and Cherry 2004) , we searched random crevices for signs of bat use. For the microhabitat data, 2 logistic regression analyses were conducted. The 1st analysis included temperature data simultaneously measured from a subset of autumn roosts (n ¼ 35) and randomly selected crevices (n ¼ 34) between 15 November and 15 March (2004) (2005) ; 12 independent variables; Table 1 ). In the 2nd analysis we included all autumn roosts (n ¼ 56) and randomly selected crevices (n ¼ 56) from 2002 to 2004 but did not consider temperature data (8 independent variables; see Table 1 ). The landscape-scale analysis used autumn roosts (n ¼ 56) and randomly selected crevices (n ¼ 56) found from 2002 to 2004 and included 6 independent variables (Table 1) .
We determined variables used in logistic regression models based on a literature review of the roosting ecology of big brown bats and observations made from the 1st autumn of this study. Some variables that were initially considered were dropped because they were highly correlated with others. All possible variable combinations were compared in each of the logistic regression analyses. We chose this exploratory approach of using all model combinations because very little specific information exists from past research on autumn roosts of bats in western North America to develop a priori models (see Burnham and Anderson 2002:267) . We focused on which variables were most 'important' by computing relative importance values (Burnham and Anderson 2002) instead of focusing on which models were most important. Multimodel inference using importance values requires that a balanced model set be considered, that is, all variables appear in an equal number of models (Burnham and Anderson 2002) , and is helpful in situations where a priori predictions are difficult to state due to a lack of background information.
Models derived from the data were ranked using Akaike's information criterion corrected for small sample size (AIC c - Burnham and Anderson 2002) . We calculated the Akaike weights (w i ; probability that the ith model is actually the best approximating model among the candidate models). Estimates for the relative importance (w þ ) for each predictor variable were calculated by summing Akaike weights across all models in the set (Burnham and Anderson 2002) . Importance values range from 0 to 1, and larger values for a variable indicate greater importance relative to other variables. We report unconditional parameter estimates (b) and associated standard errors for each variable, which is based on model averaging over all models in the set (Burnham and Anderson 2002) .
We compared temperatures of presumed hibernacula and transient roosts measured from 15 November 2003 to 15 March 2004 using parameter estimates and associated confidence intervals. Winter temperatures for buildings used as summer maternity roosts were provided for preliminary comparison. We also compared parameter estimates and confidence intervals for seasonal segregation of the sexes by elevation.
RESULTS
Autumn migration and building surveys.-We radiotagged 56 big brown bats (48 adults and 8 juveniles; 15 males and 41 females) at maternity roosts in buildings in Fort Collins during August and September 2002-2004 . Twenty-four of the 55 bats (22 adults and 2 juveniles; 6 males and 18 females) migrated west to higher elevations in the Poudre River watershed and were found in rock crevices. For these bats, we characterized 56 autumn roosts (15 presumed hibernacula and 41 transient roosts; Fig. 1 ) and 56 randomly selected crevices. Migration distance from the Fort Collins city limit to autumn roosts ranged from 24.5 to 87.4 km, with elevations of roosts ranging from 1,852 to 2,876 m (or 322-1,369 m above the summer area). One radiotagged big brown bat moved 56 km from its maternity roost in Fort Collins to a rock crevice in the mountains in 1 night. Three detached transmitters were collected in Fort Collins before autumn migration. We speculate that most of the remaining 29 bats that were not detected moved to remote mountain locations that were out of telemetry range, or perhaps roosted in sites with severe signal attenuation due to geomorphic conditions. In 2003, 4 flights in fixed-wing aircraft were taken in an attempt to locate the 29 missing signals, with none located during searches over Fort Collins or in the mountains. Two bats carried a transmitter in consecutive years and were located at autumn roosts each year. No autumn roosts from a previous year were known to be used again in a subsequent year, but these 2 bats returned to the same drainages and, in 1 case, to the same hillside.
In addition, we visually searched for bats in winter (15 November-15 March) in Fort Collins within 4 of the largest maternity roosts, which were in buildings, and 6 randomly selected buildings that were accessible to bats on 1 occasion each (Whitaker and Gummer 1992) to ascertain whether or not these structures were used as hibernacula. No bats were found during this period. Temperatures measured inside 3 maternity roosts (2 of which were heated) during this winter period fluctuated more widely than those in rock crevices and frequently reached colder minima and warmer maxima ( Microhabitat and landscape characteristics.-Thirty-five autumn roosts and 34 randomly selected crevices were considered in the 1st microhabitat analysis that included temperature variables. Our focus was on relative importance values (w þ ) of the 12 independent variables in predicting autumn roost site use rather than ranking of the 4,096 possible model combinations used in the exploratory analysis (Table 2) . Consequently, the relative weights (w i ) for the top models, that is, within 2 AIC c values, are relatively small, that is, low probability of support for any 1 model ( Table 2) .
The highest relative importance value (w þ ¼ 1.00) was assigned to the variable height to ground below (HTGB; b ¼ 2.721, SE ¼ 0.808; Table 3 ). This variable appeared in the top 2,046 ranked models ( Table 2) . Depth of crevice (DOC; b ¼ 3.960, SE ¼ 3.271, w þ ¼ 0.97) was closely ranked and appeared in the top 159 ranked models. Rock crevices used, on average, were 2.05 m higher above ground than randomly chosen crevices, with nonoverlapping confidence intervals (Table 1) . Rock crevices used by bats were 0.19 m deeper than randomly selected crevices, with confidence intervals that overlapped slightly (Table 1) . Two additional variables, height to ground above (HTGA; b ¼ À0.950, SE ¼ 0.322) and average temperature (TAVG; b ¼ 0.517, SE ¼ 0.136) were also considered important, with w þ s of 0.94 and 0.83. Height to ground above and average temperature appeared as a variable in the top 75 and 15 ranked models (Table 2 ). Height to ground above was 0.26 m higher in used autumn roosts than randomly selected crevices, but the relationship was negative and confidence intervals overlapped greatly (Table 1) . Autumn Colorado, 2002 Colorado, -2004 . Á i is the difference in AIC c value between the ith and top-ranked model and w i is the Akaike weight (probability that the ith model is actually the best approximating model among the candidate models). Sets of 12 (including temperature) and 8 variables were modeled at the microhabitat scale, and 6 variables were modeled at the landscape scale (see Table 1 for variable names). In the microhabitat models 35 roosts were compared with 34 randomly chosen crevices using temperature variables and 56 roosts were compared with 56 randomly chosen crevices in the analysis without temperature variables. In the landscape models 56 roosts were compared with 56 randomly chosen crevices. roosts were warmer than randomly chosen crevices by an average of 0.88C, but with confidence intervals that overlapped slightly. The remaining variables were assigned importance values of 0.40 or less ( Table 3 ), indicating that in comparison to the top variable (HTGA) they carry considerably less importance for autumn roost selection by big brown bats. We also modeled an alternate data set that did not include temperature variables because a larger sample of 56 autumn roosts and 56 randomly selected crevices could be considered. Eight independent variables (Table 1) resulted in 256 models (including the intercept-only model; Table 2 ). The top 2 variables in this subset, height to ground below (b ¼ 1.574, SE ¼ 0.170) and depth of crevice (b ¼ 1.626, SE ¼ 0.456), were the same as in the 1st analysis that included temperatures, and the importance values remained nearly identical (Table 3) . Height to ground below appeared as a variable in the top 128 ranked models, and depth of crevice appeared in the top 53 ranked models. All remaining variables were assigned importance values of 0.40 or less (Table 3) .
We measured landscape variables at the 56 autumn roosts and 56 randomly selected locations. The 6 independent variables (Table 1) resulted in 64 models (including the intercept-only model; Table 2 ). The variable ''sine aspect of the hillside'' (SINA; b ¼ À0.880, SE ¼ 0.106) appeared in the top 32 models and was assigned the highest importance value, w þ ¼ 1.00 (Table 3) . Autumn roosts typically faced northnorthwest ( " X ¼ 3408) in comparison to north ( " X ¼ 58) aspects for randomly selected locations. The negative b suggests that as aspects moved away from the north-northwest direction, the likelihood of autumn roosts being located on such hillsides decreased. Elevation (ELEV) was the 2nd most important variable (b ¼ À0.001, SE ¼ 0.001 Â 10 3 ) but was assigned an importance value of less than one-half that of the sine aspect of the hillside (Table 3 ) and showed a negative relationship with autumn roosts.
We compared winter-long temperatures inside and at the openings of 12 presumed hibernacula and 23 transient roosts (i.e., used autumn roosts). Rock crevices that were presumed hibernacula had higher minima, higher means, lower maxima, and smaller ranges for internal temperatures than transient roosts, with nonoverlapping confidence intervals (Table 4) . Winter-long temperature profiles at presumed hibernacula show lower variability than temperatures at crevice entrances (Fig. 3) .
Return migration and sexual segregation by elevation and season.-We confirmed the return migration for 20 of 24 big brown bats from a mountain roost back to Fort Collins in a subsequent summer, either by recaptures in hand or by detection at PIT readers at maternity roosts. Recaptures of these bats confirm that the autumn migration is followed by a return to the lower-elevation summer area. Adult big brown bats captured over rivers and ponds in mist nets on 50 summer nights in Fort Collins were heavily biased toward females (proportion of males ¼ 0.25, CI ¼ 0.194-0.304, 59 males, 178 females). Adults captured at mountain locations on 12 nights when maternity roosts were still active in Fort Collins (8 July-20 August) were male biased (0.75, CI ¼ 0.609-0.892, 27 males, 9 females). After 20 August the sex ratios of big brown bats caught during mistnetting efforts in the mountains on 12 nights was roughly even (0.44, CI ¼ 0.322-0.567, 28 males, The coldest and warmest overwinter temperatures at each roost were averaged over all roosts within a sample category and expressed as " X min and " X max (in 8C). 
DISCUSSION
Big brown bats may spend as long as 6 months in hibernation each year (Beer and Richards 1956) and their winter roosts must provide environments that allow them to maintain low metabolic rates and use energy reserves slowly. Thus, the importance of selecting a favorable autumn roost is imperative to their survival. Hibernation of North American vespertilionid bats in caves and mines has long been known to provide such conditions. However, Griffin (1945:22) suggested that for several species of bats the numbers of individuals found in summer roosts in some areas cannot be accounted for by the sizes of known hibernation colonies in caves, and stated ''Bats would probably be protected from freezing by small deep crevices in rocks . . . , but there are no records . . . of any having been taken from such places during hibernation.'' Until our findings, this suggestion by Griffin (1945) has remained speculative. Unlike the Midwest, where big brown bats have been found to hibernate in buildings in considerable numbers (Whitaker and Gummer 1992) , use of buildings by big brown bats in winter seemed low in our area. Despite extensive winter surveys in Colorado, big brown bats are only occasionally found to hibernate in caves and mines, and then only in small numbers (typically fewer than 5 individuals-K. Navo, in litt.; J. L. Siemers www.cnhp.colostate.edu/reports.html). Our findings demonstrate that many big brown bats in our study area instead choose hibernation sites in rock crevices at cooler, higher elevations as part of a regional annual migration cycle. This pattern of roost selection could be common for other species of western bats where overwintering habits remain unknown.
Our analyses suggest several factors that may be important in selection of rock crevices as autumn roosts by big brown bats. In both logistic regression analyses at the microhabitat scale, height to ground below had the greatest relative importance. Roosts with higher exits would be beneficial in allowing bats exiting from the rock crevice to drop and obtain lift, and may possibly provide greater protection from potential ground predators. Rock crevices higher above the ground may also be more pronounced in appearance to bats flying through an area. As a result, these roosts may attract their attention and be more likely to be investigated for potential use. Similarly, others report that maternity roosts in snags are typically higher than surrounding trees, and have suggested that this may be because height provides strong perceptual cues (Cryan et al. 2001; Rabe et al. 1998; Vonhof and Barclay 1996) . Rock crevices located higher above ground also may be less likely to become covered by winter and spring snow, allowing bats to easily emerge at the end of hibernation.
The 2nd most important variable in both microhabitat analyses was depth of crevice. Depth of crevice may be important to hibernating bats because of its role in moderating the roost temperature. Ground temperature at a given depth and time, when the surface temperature is cyclically oscillating, can be calculated by the equation (Turcotte and Schubert 1982) . This temperature is dependent upon the mean annual surface ground temperature (T 0 ), the amplitude of the annual variation in the surface ground temperature (ÁT), depth (y), circular frequency (x), and the thermal diffusivity of the ground (j). We used temperature data from the Pingree Park weather station to obtain a T 0 and ÁT appropriate for midelevations in the Rocky Mountains along the Front Range (both about 98C). Temperature data considered along with a typical j for rock (32 m 2 /year) suggest that a minimum depth of just 1 m would provide stable temperatures above freezing that could only deviate by 68C during coldest periods of winter. Temperatures should never drop below freezing at depths greater than 5 m. Studies of maternity roosts of bats in the western United States have noted that deeper positions in rock crevices had microclimates that were more stable (Chruszcz and Barclay 2002; Lausen and Barclay 2002; Vaughan and O'Shea 1976) . Thus, the deeper rock crevices are, the more likely temperatures within them will be cool and constant. Such thermal characteristics are essential for hibernating bats to successfully conserve energy and survive the hibernating period (Davis 1970) .
Height to ground above, in the 1st microhabitat analysis, was found to be important in roost selection, with a negative slope indicating that as distance above rock crevices increases, the likelihood of the crevice being selected decreases. In the 2nd microhabitat analysis this variable became much less important as sample size increased (Table 3) . However, Lausen and Barclay (2002) found that rock crevices used by big brown bats as maternity colonies were also farther from level ground above than randomly selected crevices and suggested that this was a predator avoidance strategy.
In the 1st microhabitat analysis average temperature was found to be important in selection of rock crevices by big brown bats. Autumn roosts were warmer than randomly selected crevices, averaging 1.98C over the winter. This cool temperature would allow bats to remain in torpor at low metabolic rates without freezing during the hibernating period, thus saving energy resources. Thus, a trade-off exists between finding hibernacula that remain cool enough to keep metabolic rates low, but that do not drop below freezing (08C) for extended periods of time. Ambient temperatures below freezing would require an increase in metabolism or complete arousal of the bat (Davis and Reite 1967) .
Internal crevice temperatures of presumed hibernacula did not reach the extremes found in transient roosts (Table 4 ). Higher maximum temperatures of transient roosts on warm winter days could lead to bats awakening from torpor or metabolizing energy at higher body temperatures, whereas lower minima could lead to freezing or arousal. Average mean temperatures for presumed hibernacula were slightly higher and more stable than transient roosts, allowing for minor temperature fluctuations without freezing. Presumed hibernacula undoubtedly have winter temperature regimes even more stable than our data depict because temperature loggers could not always be placed at the full depth of the crevice. As with male and nonlactating female big brown bats that use summer roosts with microclimates that support the use of torpor for energy savings (Hamilton and Barclay 1994; Lausen and Barclay 2002) , big brown bats probably choose autumn roosts that enable them to minimize energy expenditure. Because bats are still flying at night and potentially feeding while using transient roosts, they may be selecting transient roosts that warm during the day and allow passive rewarming of body temperatures before bats take flight. Vaughan and O'Shea (1976) observed similar behaviors in pallid bats (Antrozous pallidus) that used rock crevices in Arizona. The less-variable microclimates of the presumed hibernacula provided sustained cool temperatures allowing prolonged torpor. In contrast, our limited survey of buildings used as maternity roosts in Fort Collins found none used by bats during the winter. Temperatures within some of these buildings often dropped well below freezing and reached high temperatures that would likely awaken bats from torpor (Fig. 3) .
Comparisons of temperatures at openings to presumed hibernacula and transient roosts mirrored the results found for internal temperatures. These findings indicate that the final rock crevice a bat selects for hibernation also has an external microclimate that promotes torpor. If the microclimate immediately surrounding the roost site shows temperature highs and lows that are less extreme, internal temperatures may be more likely to present ideal hibernating conditions. Chruszcz and Barclay (2002) found similar relationships for comparisons of internal versus external temperatures of rock crevices used as maternity roosts by western long-eared bats (Myotis evotis). Thus, bats may be using external microclimates as an initial roost-selection factor.
Aspect was the most important landscape variable in autumn roost selection. Rock crevices used as autumn roosts were typically located on hillsides that faced northwest, which would promote shaded conditions in the winter and avoid direct heating of rock faces by the winter sun. Lausen and Barclay (2002) reported that rock crevices used by big brown bats during late summer (when bats were using torpor to save energy) received less sunlight during morning hours. Thus, bats should find it advantageous to seek out crevices situated on hillsides that remain cool and have stable temperatures due to low amounts of solar radiation during winter months. The elevation covariate was assigned the next highest relative importance value, but was considered less than one-half as important as the sine aspect of the hillside. Although winter roosts were located over a wide range of elevations (Table 1 ; Fig. 1 ), a negative parameter estimate implies that as elevations increase, autumn roosts become less common. Such findings suggest that an upper elevation threshold may exist at which big brown bats no longer use rock crevices as hibernacula.
Our results suggest that big brown bats in our study population use the Poudre River and its main tributaries as migration corridors in the autumn and ultimately find hibernacula over a large geographic area (Fig. 1) . Use of short migrations from warm maternity roosts at lower elevations to winter hibernacula at higher elevations has been suggested as a means to avoid costly long-distance latitudinal migrations in several species of bats (Barclay 1991; Cryan et al. 2000) . Seasonal migrations of short distances may occur frequently along plains-mountain interfaces, especially in western North America where similar geography is common.
Elevational segregation of sexes has been documented elsewhere for a number of species of bats during summer months, and this segregation potentially provides microclimatic benefits for females using maternity colonies at warmer, lower elevations (Cryan et al. 2000; Easterla 1973) . Our results support these findings, with a preponderance of female big brown bats in our study area captured during summer at lower elevations, whereas males were dominant at mountain locations in summer. Sex ratios in the mountains were equal by late summer into early autumn, providing additional evidence of a seasonal migration. Such short-distance migrations may allow female bats recovering from the energetic burdens associated with lactation to accumulate fat reserves at lower elevations where insects may remain available longer into the autumn. Because elevational migrations cover steeper temperature gradients over shorter distances than latitudinal migrations, fewer fat reserves might be used to reach potential hibernacula. In addition, male and female bats using rock crevices as autumn roosts had overlapping ranges, which is important if mating takes place in the autumn and winter as in other areas of North America (Barbour and Davis 1969 ).
Because of a lack of knowledge about winter roosting habitats, management strategies have overlooked the needs of many species of bats over the full annual cycle, particularly those species in western North America and those that rely on rock crevices as roosts (Bogan et al. 2003; Pierson 1998) . Future research should investigate the seasonal use of roosts in rock crevices at higher elevations for other species of temperate-zone bats, particularly those not known to hibernate in significant numbers under other conditions. Management plans could subsequently be devised that consider such seasonally used habitats. Our findings also suggest additional avenues of investigation, such as determining the numbers of bats that jointly use particular rock crevice hibernacula and the implications of this overwintering strategy for bat social organization and mating systems. This may be of particular importance because mating of many temperate zone vespertilionid bats is thought to occur in autumn and winter (Barbour and Davis 1969; Fitzgerald et al. 1994) .
